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Abstract 
Removal effects of organic pollutants in drinking water by activated carbon, haydite and quartz sand were studied 
with the method of solid-phase extraction (SPE) and GC-MS analyzing in this study. There were 42 species organic 
pollutants in 11 categories detected in drinking water. The removal rates of total peak area of organic pollutants by 
activated carbon, haydite and quartz were 70.35%, 29.68% and 37.36%. Among all, activated carbon showed the best 
removal effect to most organic pollutants contents, and quartz sand to species. So if activated carbon - quartz sand 
combined processes were adopted, organic pollutants species and total peak area could be reduced simultaneously. 
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1. Introduction 
The potential danger of o rganic pollutants to human body has caused a world-wide concern recently [1-
3]. Contents and kinds of trace organic pollutants in drinking water are increasing which will threaten 
safety of drinking water [4]. POPs, which is a pollutant in water brought by human, especially causes 
serious harms due to its poor biodegradability [5-6]. At present in the developed countries, drinking water 
is treated mainly by flocculat ion and chlorination disinfection [7]. But unfortunately, these processes have 
no effect on natural organic matter which has low molecular weight or low content [8-10]. In addit ion, 
disinfection by-products after chlorination disinfection will cause a series of new problems [11-13]. 
Adsorption is widely used in contamination control in recent years due to its characteristics of low 
costs and easy to operate [14-16]. It is also suitable for drinking water safety field because it has unique 
advantages in trace organic pollutants  removal with no secondary pollution [17]. In this study, XAD-4, 
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XAD-7 accumulat ion and GC/MS analyzing were used as method, and methanol – acetone mixed liquor 
instead of single solvent as extract solution. Composition and hazard of organic pollutants  in drinking 
water were studied. Meanwhile, the organic pollutants  absorption effects of three adsorbents, activated 
carbon, haydite and quartz sand, were compared and discussed. At last, some useful advices were raised. 
2. Materials and methods 
2.1. Equipment and materials 
Resin XAD-4 and XAD-7 Amberlite were supplied by Rohm and Haas of Gessate (MI). It is designed 
for organic compound removal from wastewaters. Methanol and acetone were distilled to treat resin and 
extract organic compounds accumulated by resin column. Other regents such as hydrochloric acid (HCl) 
and sodium sulphate (Na2SO4) were AR grade. Activated carbon, haydite and quartz sand were washed 
by ultra pure water for several times, and then dried at 500ć 
2.2. Experiment 
2.2.1. Water sample collection 
Tap water was collected from Jinan in China. A barrel made of polyethylene with volume of 25L was 
used to collect the water. Three adsorption column filled with activated carbon, haydite and quartz sand 
were p repared to remove organic pollutants in tap water. A ll of co lumn had a filler volume of 2L. 20L 
collected tap water was pumped into column by a peristaltic  pump and the contact time was controlled in 
1h [18]. In this experiment, we used sample 1, sample 2 and sample 3 to represent water samples treated 
by activated carbon, haydite and quartz sand column respectively, corresponding to their raw water 
sample a, b and c. All water samples were adjust to pH<2 before enriched by XAD resins. 
2.2.2. Pretreatment of resin 
Since there might be some impurit ies in the received XAD resins, cleaning was performed employing 
the methodology as follows: Washed equal amounts of two  resins by deionized water in  filtration device. 
Then mixed two kinds of resin and soaked them in d istilled methanol and acetone for more than 12h 
respectively. At last, filtered the liquid  and stored the resin in  methanol to prevent the introduction of any 
impurities until use. 
2.2.3. Enrichment of organic pollutant in water samples 
Preparation of enrichment column: Resin - methanol mixture was filled into the glass column with 
diameter of 2 cm and glass wool at the bottom of the column. After methanol flowed out of the column 
and resin phase reached 12cm, the column was washed by pure water for several times. The filling 
process of column requires uniform and bubble-free.After enrichment column was prepared, water 
sample which was adjusted to pH< 2 was pumped into the column with the flow rate of 30 mL/min. 
2.2.4. Organic pollutant extraction 
A methanol – acetone mixed liquor with methanol - acetone volume rat io of 7:3 was used as extract. 
The organic pollutant enriched in co lumn need wash by extract  for three times, and the soaking time was 
60min, 30min and 15min  respectively. After that, the solution was discharged with the flow rate between 
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1 and 2mL/min. Because there were some water in the solution, it was necessary to treat the solution with 
sodium sulphate. At last, the solution was concentrated to 5ml in 60ć  water bath. The sample was stored 
in 4ć until analyzing. 
2.2.5. GC/MS analysis 
GC̢MS analyses were performed with HP25 (Agilent Technologies, USA). Instrument parameters 
and operating conditions were as fo llows: column, DB25 (30m x 0.25mmh0. 25­m); Temperature: 
injector 250ć; Carrier gas: Helium, at a flow rate of 1.1 mL/min. Sample in jection of 1­L sample was 
performed in split less mode. The column oven temperature was maintained at  40ć  for 2 min then 
programmed at 7ć/min to 270ć which  was held  for 5 min. The inject ion port and detector temperatures 
were 250 and 270 ć , respectively. The mass spectrometer was operated at electron-impact positive 
ionization mode (EI+), electron energy 70 eV;  scanning was from 30 to 450 amu. The source temperature 
was 200ć . Identification of the organic compounds was performed by comparing EI spectra and 
chromatographic retention times with those of commercially available authentic reference compounds. 
3 Results and discussion 
3.1. Organic pollutants in tap water 
42 kinds of trace organic pollutants  in 11 categories including halohydrocarbon, alkanes, aromatic, 
heterocyclic compounds, ester and phthalates were detected from three raw water samples (Tab le 1). The 
species of each water sample somewhat difference, but they account for similar proportion. The prime 
differences among them were the levels of certain kinds of benzene series, amines and alkanes. These 
distinctions probably caused by the different temperatures at which enrichment experiments were 
operated [19]. 
Table 1. Organic pollutant in tap water detected by GC-MS 
 
Sample Phthalates Alkanes Phenols Heterocyclic Halogenated hydrocarbons Benzene EstersAlcohols AldehydesAcids Amines Total
a 
Number of 
species 3 11 2 2 2 0 8 2 0 3 0 33 
Proportion of 




3 10 1 1 0 1 11 1 1 2 1 32 
Proportion of 
peak area˄%˅ 9.85 27.19 5.61 2.66 0 3.32 33.42 4.54 4.52 6.77 2.12 100%
c 
Number of 
species 3 12 2 2 2 1 10 1 1 2 0 36 
Proportion of 
peak area˄%˅ 9.81 31.25 7.52 3.59 4.22 2.98 27.81 3.44 3.66 5.72 0 100%
Summary 3 13 2      2 2 1 12 2 1 3 1 42 
From Tab le 1, 12 kinds of esters and 13 kinds of alkanes were identified, occupying a big proportion of 
the organic pollutants  in water. In the three involved tap water samples, 27.19%~34.32% of total ion 
chromatogram peak area was determined as alkanes and 22.85%~33.42% as esters. In the detected 
organic pollutants, phthalate esters, halogenated hydrocarbons and  phenols have great harmful to human 
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health. In particular, xy lene, dimethyl phthalate and di-n-butyl phthalate (DBP) are listed in “Black List 
of China's Prio rity Po llutants in Water” and labeled as priority pollutants by USA Environmental 
Protection Agency (EPA, USA). 
3.2. Comparison of three treated waters 
Species and TIC peak area proportion of organic pollutants  in raw water and treated water in three 
dynamic adsorption experiments  are showed in the table 2.  
Table 2. Effect of different absorbents on organic removal  
 
Absorbent  Phthalates Alkanes Phenols HeterocyclicHalogenated hydrocarbons Benzene Esters Alcohols AldehydesAcids Amines total 
Activated 
carbon 
Species in raw 
water 3 11 2 2 2 0 8 2 0 3 0 33 
Species in 
treated water 3 7 2 3 2 0 6 1 0 1 0 26 
Uptake of  
peak area (%) 62.62 75.83 82 - 70.59 - 72.52 62.99 - 77.52 - 70.35
Haydite  
Species in raw 
water 3 10 1 1 0 1 11 1 1 2 1 32 
Species in 
treated water 3 6 1 1 0 1 7 1 1 4 1 26 
Uptake of  
peak area (%) 3.57 49.97 41.19 - - 20.1 10.56 29.34 1.64 - 68.71 29.68
Quartz 
sand 
Species in raw 
water 3 12 2 2 2 1 10 1 1 2 0 36 
Species in 
treated water 3 7 1 0 0 0 7 1 1 0 0 20 
Uptake of  
peak area (%) 39.4 24.02 71.73 100 100 100 7.81 30.88 33.43 100 - 37.36
 
From the data, there were still 26 kinds of organic pollutants in 8 categories in sample 1 after absorbed 
by active carbon. But 70.35% of the total peak area (of the total constituents) was removed, revealing 
excellent absorption effect. The removal rates for phthalates, hydrocarbons, esters and alcohols were 
62.62%, 75.83%, 72.52% and 62.99%, respectively. The adsorption capability of act ivated carbon for 
dimethyl phthalate and di-n-butyl phthalate, two priority pollutants in water, were preferable. The 
removal rates reached 93.27% and 57.02%. 
 
For haydite, there were 26 kinds of organic pollutants in 10 categories in corresponding treated water. 
The total peak area was removed by 29.68%. The removal effects for amines, alkanes and phenols were 
satisfactory and the removal rates were 68.71%, 49.97% and 41.19%, respectively. But in the case of 
phthalates, esters and aldehydes  the effects were not obviously, the same as dimethyl phthalate and di-n-
butyl phthalate. 
 
The species of organic pollutants  were reduced from 36 to 20 by quartz sand. Most notably, xylene, 
dimethyl phthalate and di-n-butyl phthalate in raw water which are defined as priority pollutants in China 
were removed efficiently. Xylene and di-n-butyl phthalate in tap water were removed absolutely, and 
dimethyl phthalate was removed by 59.59%.  
3.3. Comparsion of three absorbents 
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Fig. 1 shows comparative absorption effectiveness of activated carbon, haydite and quartz sand to each 
organic pollutant peak area. Removal effects of the organic pollutants total peak area fo llows the o rder of 
activated carbon,quartz sand and haydite. The removal rates are 70.35%, 37.36% and 29.68%, 
respectively. So the best content removal effects of organic pollutants mentioned above are presented by 
activated carbon compared with haydite and quartz sand. The peak areas of phthalates, hydrocarbons, 
esters and alcohols  in tap water are greatly reduced after treated with activated carbon. But activated 
carbon brings new kinds of pollutant such as heterocyclics and ketones compounds. Quartz sand shows 
the best effect to reduce organic pollutants species, from 36 to 20. Organic pollutants  categories such as 
benzene, acids, heterocyclics and halogenated hydrocarbons  can be absolutely removed by quartz sand. In 
addition, we notes that quartz sand removed organic pollutants absolutely which had low concentration, 
but it has general effect to high concentration pollutants. This might related to its adsorption capacity of 
each organic pollutant.  
 
 
Fig. 1. Comparison of organic pollutants removal abilit ies of three adsorbents 
4 Conclusions 
In this study, 42 kinds of organic pollutants in 11 categories were qualitative identificated in drinking 
water, in which esters and alkanes contained most species accounting for 31.82% and 29.55%. And peak 
areas of these two categories organic pollutants occupied 20% of total peak areas. Furthermore, xylene, 
dimethyl phthalate and di-n-butyl phthalate (DBP), three priority pollutants in China, were detected. 
By comparing of three adsorbents, finding that activated carbon has high removal rate as 70.35% to 
total peak area of organic pollutants, and quartz sand reduces organic pollutants species more effectively. 
Quartz sand can remove heterocyclics, halogenated hydrocarbons, benzenes and acids absolutely, and 
phthalates, hydrocarbons, phenols, alcohols and aldehydes preferably too. To priority pollutants, both 
activated carbon and quartz sand show favorable removal characteristics. Considering o f respective 
advantages of activated carbon and quartz sand, we can explo it activated carbon - quartz sand combined 
processes to remove organic pollutants in drinking water. 
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